Summary &mdash; A pine shoot beetle attack was simulated by cutting all current shoots in the upper crown of 2 20-yr-old Scots pines (Pinus sylvestris L) while gas exchange was followed continuously before and after the shoot removal. Net photosynthetic rate and mesophyll conductance of the 2-yrold shoots decreased by = 50% immediately after pruning but recovered within 10 d after the shoot removal. The quantum yield was also much lower after cutting. Water 
INTRODUCTION
It is known that insects can cause growth losses in forest trees, eg by consuming foliage and buds (for references, see Kulman 1971) . Besides quantitative losses in terms of reduced stem growth, insect activity also has qualitative effects on physiological processes in the tree. Such reported effects include increased nitrogen (Piene and Percy, 1984; Ericsson et al, 1985) and reduced carbohydrate levels (Ericsson et al 1980a (Ericsson et al , 1985 in remaining needles, increased photosynthetic capacity in regrowth foliage (Heichel and Turner, 1983) , and increased amounts of defensive chemicals such as tannins and phenolics (eg Wagner, 1988) . It has also been suggested that water and light conditions for remaining foliage may at least temporarily be improved as a result of defoliaton (Ericsson et al, 1980b) . Altogether, some of these physiological changes counteract the detrimental effects of the foliage loss, and may be important in the recovery process of the defoliated tree.
In a field experiment comparing induced beetle attacks on caged trees and artificially pruned trees, both treatments produced unexpectedly small growth losses in young Scots pine (Pinus sylvestris L) trees as compared to previously reported natural attacks by the pine shoot beetle, Tomicus piniperda (L) (Coleoptera, Scolytidae) (Ericsson et al, 1985) . The pruning pattern as well as the induced attacks were very similar to the attack pattern observed under natural conditions. The discrepancy in growth reduction as compared to earlier studies was thought to be a result of younger trees being used in the experiment. A later study confirmed that older trees react comparatively more strongly to needle loss than young trees (Langström et al, 1990 To test this hypothesis, we simulated a pine shoot beetle attack by cutting all current shoots in the upper crown of 2 20-yrold Scots pines while in situ gas exchange of 1-yr-old needles was followed continuously before and after the "attack".
MATERIAL AND METHODS
The experiment was carried out in a 20-yr-old stand of Scots pine (Pinus sylvestris L) situated at Jädraas, Sweden (60° 48' N, 16° 30' E, altitude 180 m). The stand, growing on glacifluvial sand, has been described by Flower-Ellis et al, (1976) and details of the site have been given by Axelsson and Brakenhielm (1980) . Gas cluding the branches with the assimilation chambers, were pruned from 2 of the trees while the third tree was kept intact as a control. The total needle biomass was thus reduced by = 25%, and that of the current shoots by = 70%, simulating a heavy attack of the pine shoot beetle. The clipping procedure has been described in detail by Langstr6m et al (1990) . Gas 
RESULTS
The period before shoot pruning was characterized by low precipitation and above average air temperature (cf Lindroth 1985) . Water stress in the stand increased slowly during July and reached a maximum at the beginning of August, as indicated by partial stomatal closure and midday depression (Troeng, 1985) . Precipitation during the period July 5-August 5 was < 5 mm and soil water potential (Jansson and Halldin, 1979) at the end of July was &ap; 0.1 MPa in the layer 0-30 cm (Lindroth, 1985) . The water stress conditions disappeared after 40 mm rainfall on August 6. Daily net photosynthetic performance was similar for the 3 shoots during the period before pruning (fig 1) . The control shoot had slightly higher photosynthetic performance during all periods before July 27. This was due to the fact that photon flux density was = 10% higher for the control branch due to less shading from surrounding trees. Since calculated quantum yields from photosynthetic light response curves from each tree were not significantly different, net photosynthetic efficiency was considered to be equal before shoot pruning. The records of daily photosynthetic input showed a drastic decrease during the first days after pruning (fig 1) and the daily quantum yield was considerably lower for the cut trees during the first 10 d after shoot pruning (fig 2) . The decrease after pruning was primarily caused by low photosynthetic rates towards the end of the day while photosynthesis during morning hours was similar to that of the control (fig 3) (Troeng and Linder, 1982) . Even during the water stress period in the end of July mesophyll conductance was lower than stomatal conductance. Daily mean values of mesophyll conductance decreased considerably after the shoot pruning on July 27, but increased again to levels before pruning within 10 d (fig 4) . The (Troeng et al, 1979) .
In the present study, where we cut the current shoots, we observed a similar drastic but transient drop in photosynthesis and mesophyll conductance. Apart from cutting the shoots instead of using beetles, the main difference was the whole-treeapproach in the present study as compared to one single attack in the previous study. However, knowing the independence of individual branches (Langström et al, 1990) , the similar outcome of the 2 studies is not surprising. Simulating a pine shoot beetle attack by artificial pruning has been shown earlier to be a good mimic of natural attacks (Ericsson et al, 1985; Langström et al, 1990) . One possible explanation for the decrease in photosynthesis after pruning could be the carbon balance of the tree. It is known from other investigations in the same stand (Ericsson, 1978; 1979) and elsewhere (Senser et al, 1975 ) that current needles accumulate starch as long as they are still growing. As needle growth finished in the middle of August, current needles were still a strong sink at the time of pruning at the end of July. Consequently, when the current shoots were cut off, the main sink for photosynthetic products of 1-yr-old needles disappeared and an accumulation of carbohydrates may have taken place, thereby inhibiting net photosynthesis (cf Neales and Incoll, 1968) . Lake (1967) (Troeng and Linder, 1982) . Thus the most likely conclusion is that the marked decrease in net photosynthesis of the experimental trees just after cutting was not caused by water stress, but merely by the shoot pruning treatment.
Similar results have been obtained for defoliated trees in the same stand (Ericsson et al, 1980b) .
After partial defoliation, remaining leaves or needles may increase their photosynthesis (Maggs, 1965; Sweet and Wareing, 1966 (Ericsson et al, 1985; Langström et al, 1990) , as has the relationship between needle nitrogen concentration and photosynthetic performance (Linder and Ingestad, 1977) . Since no increase of net photosynthesis was observed in the cut branches towards the end of the study period we postulate that the possible compensatory photosynthetic effect develops more slowly than the increase in needle nitrogen (cf Langström et al, 1990) . This is in contrast to defoliation experiments where remaining needles reacted with an increased uptake of 14 C within a week after needle removal (Ericsson et al, 1980b 
